A variety of vinylic bromides and iodides undergo smooth trifluoromethylation and pentafluoroethylation with R f H-derived CuR f (R f = CF 3 , C 2 F 5 ) to give the corresponding fluoroalkylated olefins. These reactions employing the low-cost CuR f reagents occur in high yield with excellent chemo-and stereoselectivity under mild conditions (23-80 °C). Crystal structures of one trifluoromethyl and one pentafluoroethyl derivative have been determined.
form the reaction on five vinylic bromides and six iodides in 23-99% yield. In order to avoid the side formation of C 2 F 5substituted products due to α-F elimination, 9 the reaction must be conducted in costly DMPU. 9b Contamination of a desired triluoromethylated product with its C 2 F 5 counterpart is a serious problem because separation of the two is difficult, if not impossible.
We have recently developed the synthesis of CuCF 3 13 and CuC 2 F 5 14 directly from readily available and cheap CHF 3 (fluoroform) 15 and C 2 F 5 H, respectively. Governed by a unique mechanism, 16 the reaction of [K(DMF)][Cu(Ot-Bu) 2 ] (prepared in situ from CuCl and 2 equiv of t-BuOK in DMF) with CHF 3 or C 2 F 5 H readily occurs at room temperature and atmospheric pressure to furnish the corresponding R f Cu in nearly quantitative yield. [13] [14] [15] The thus prepared reagents fluoroalkylate a broad variety of substrates in high yield and with excellent selectivities. [13] [14] [15] 17 Notably, there is no need to use toxic CF 3 reagents 7 or expensive DMPU 9b to eliminate the side formation of C 2 F 5 derivatives in the reactions of CHF 3 -derived CuCF 3 . Furthermore, the low cost of our R f Cu reagents makes them potentially suitable for industrial applications. 15 In contrast, most other R f sources, including popular CF 3 TMS, are not only substantially less atom-economical, but also cost-prohibitive for large-scale operations. Considering all of the above, we set out to explore the possibility of fluoroalkylation of vinylic halides with the R f H-derived CuCF 3 and CuC 2 F 5 reagents.
We initially found that fluoroform-derived CuCF 3 readily trifluoromethylates β-bromostyrene (1a, E/Z = 8:1), the substrate of choice for our initial studies, with full retention of stereochemistry. A summary of the optimization work is presented in Table 1 showing that the trifluoromethylation of 1a occurs at as low as ambient temperature. Our goal was to drive the reaction to nearly full conversion in order to eliminate the need to separate the product PhCH=CHCF 3 from the unreacted starting material. To achieve >90% yield at ≥99% conversion, the reaction was performed at 40-50 °C with 2.5 equivalents of CuCF 3 in the presence of Et 3 N·3HF as a promoter. 17c After the optimization work, we proceeded to explore the substrate scope, using various vinylic bromides. The trifluoromethylation and pentafluoroethylation were performed in parallel ( Table 2 ). The enhanced thermal stability of the CuC 2 F 5 reagent 14 allowed us to use it in only 10% excess to achieve full conversion for most of the substrates, while running the reactions at 70-80 °C. The data collected in Table 2 show that styryl bromides bearing such substituents as Me (1b-d), MeO (1e), F (1f), Cl (1g,h), and Br (1i,j) in various positions of the aromatic ring undergo clean perfluoroalkylation to give the desired products in ≥90% yield (Table 2, entries [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The stereochemistry of the starting material is retained in the product. While F and Cl on the ring remain intact during the reaction, the aromatic C-Br bond in 1i and 1j ( Table 2 , entries 17-20) undergoes fluoroalkylation, albeit only to a minor extent (5-8%). Therefore, unactivated bromoarenes are estimated to be approximately an order of magnitude less reactive toward CuR f than βbromostyrene. This difference in reactivity provides an opportunity for further functionalization of the R f -substituted styrene products bearing a halogen atom on the ring, for example, via a variety of coupling reactions. The fluoroalkylation of β-bromostyrenes with geminal CHO (1k) or CO 2 Me (1l) also proceeded smoothly to furnish the corresponding products in 68-80% yield ( Table 2 , entries 21-24). Although the stereochemistry is not fully preserved in the reactions of these substrates, the E/Z ratio ranges from good (85:15, Table 2 , entries 21 and 23) to excellent (99:1, Table  2 , entry 24). In accord with the literature data, 9b α-bromostyrene (1n) was less reactive, likely for steric reasons, furnishing the desired product in only 26% and 64% yield at 50% and 100% conversion in the reactions with CuCF 3 and CuC 2 F 5 , respectively ( Table 2 , entries 27 and 28). In contrast, α-methyl-β-bromostyrene (1m) underwent perfluoroalkylation in >90% yield with full retention of stereochemistry ( Table 2 , entries 25 and 26). Bromoethylene (1o), isopropenyl bromide (1p), and 2-bromo-2-butene (1q) were perfluoroalkylated in 35-78% yield ( Table 2 , entries 29-33).
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Although more costly and often less accessible than their bromo counterparts, vinylic iodides are considerably more reactive coupling partners. We therefore explored fluoroalkylation of a series of iodoalkenes with CuCF 3 and CuC 2 F 5 ( Table 3) .
The mono β-substituted iodoethylenes appeared reactive enough to undergo the fluoroalkylation at room temperature (Table 3 , entries 1-8). Importantly, full conversion of these substrates was reached with only 1.1 equivalents of the CuR f reagent not only for R f = C 2 F 5 , but also for R f = CF 3 . The fluoroalkylations of more sterically hindered and therefore less reactive iodoalkenes were performed at 50-70 °C (Table 3 , entries 9-12). The formation of the desired products in excellent yields of up to 97% was observed in all cases.
After the substrate scope studies (Tables 2 and 3) , a number of vinylic halides were selected for the synthesis and isolation of the corresponding CF 3 18 and C 2 F 5 19 derivatives on a 1-10 mmol scale (Scheme 1). As can be seen from Scheme 1, the new protocol is suitable for the preparation and isolation in pure form of trifluoromethylated and pentafluoroethylated olefins in up to 93% yield. Note that the diminished yields of 74-86% are mainly due to losses during the isolation of these rather volatile compounds and hence likely can be improved in the synthesis on a larger scale. Single-crystal X-ray diffraction studies of two of the isolated products, (E)-1-(trifluoromethyl)-2-(4-methoxyphenyl)ethylene (2e, Figure 1) and (E)-1-(pentafluoroethyl)-2-(2-naphthyl)ethylene (3s, Figure 2) Table 3 Trifluoromethylation The high chemo-and stereoselectivity of the fluoroalkylation reactions described above suggests that radical processes are unlikely involved in the olefinic C-R f bond formation. The fluoroalkylation reactions of vinylic halides are in many respects similar to those of aryl halides. 13,14,17c As has been recently established, 21 the trifluoromethylation of haloarenes with fluoroform-derived CuCF 3 is a nonradi- 
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cal process that involves ArX oxidative addition (OA) to Cu(I), followed by ArR f reductive elimination (RE) from the copper(III) intermediate. The fluoroalkylation reactions developed in the current work are likely governed by a similar OA-RE mechanism.
The new method compares favorably with the previously reported ones [4] [5] [6] [7] [8] [9] [10] [11] [12] for perfluoroalkylation of haloalkenes. Apart from the vastly lower cost of the R f sources used, our procedures obviate the need for toxic mercury compounds 7 or expensive DMPU 9b employed in the only two reported methods with a defined substrate scope. 22 In summary, a general new protocol has been developed for the trifluoromethylation and pentafluoroethylation of vinylic bromides and iodides with R f H-derived CuCF 3 and CuC 2 F 5 . The reactions occur at 23-80 °C with high chemoand stereoselectivity to furnish the desired fluoroalkylated olefin products in high, often >90% yield. Various functional groups are well tolerated. The method employs the most economical CuR f reagents known to date and neither costly nor toxic materials. Scalability and isolation of pure products have been demonstrated on selected examples. The new protocol may find use in both academic and industrial research.
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